Brucellosis is a systemic zoonotic infectious disease that may cause fever, fatigue, sweating, arthritis, hepatosplenomegaly, cytopenia, and lymphadenopathy. It continues to be an important health problem worldwide. Hemophagocytic lymphohistiocytosis (HLH) is characterized by fever, hepatosplenomegaly, cytopenias, high serum levels of ferritin and triglycerides, low serum fibrinogen levels, and hemophagocytosis in bone marrow, lymph nodes, spleen, or liver. Hemophagocytic lymphohistiocytosis associated with brucellosis is a very rare condition in the pediatric age group. Here, three pediatric cases of secondary HLH associated with brucellosis are reported. Hemophagocytic lymphohistiocytosis should be considered in patients with brucellosis having cytopenias. Hemophagocytosis in brucellosis seems to be cured with appropriate antibiotics and intravenous immunoglobulin.
Introduction
Human brucellosis remains the most common zoonotic disease worldwide, with more than 500,000 new cases annually. In Turkey, brucellosis is common, especially in middle, east and southeast Anatolia [1] . The main symptoms and findings in children with brucellosis are high fever, fatigue, sweating, myalgia, hepatosplenomegaly, lymphadenopathy, arthralgia, and arthritis of the large joints [2] . Anemia, leukopenia, leukocytosis, thrombocytopenia, elevated liver enzymes, increased C-reactive protein (CRP), and erytrocyte sedimentation rate (ESR) are the most prominent laboratory abnormalities.
Hemophagocytic lymphohistocytosis (HLH) is characterized by non-malignant generalized proliferation of histiocytes with marked hemophagocytosis in different organs such as the liver, spleen, bone marrow, and the central nervous system [3] . The diagnostic criteria of HLH are fever, hepatosplenomegaly, cytopenia affecting at least two series, ferritin above 500 μg/L, decreased natural killer cell activity, elevated soluble CD25 level above 2,400 U/mL, fasting triglyceride above 265 mg/dL or fibrinogen below 1.5 g/L, and hemophagocytosis in the bone marrow, spleen, or lymph nodes. The diagnosis of HLH requires the presence of at lease five of the criteria mentioned above [3] . HLH can be classified as primary and secondary [3, 4] . Secondary HLH (sHLH) is associated with systemic viral, bacterial, fungal, or parasitic infection, malignancies, and autoimmune diseases [4] . Although HLH and brucellosis are different entities, they share some common presentation features such as high fever and presence of hepatosplenomegaly or cytopenia in some cases. Pancytopenia is not a common findings in children with brucellosis, whereas anemia and leukopenia are the most common hematological findings in brucellosis [5] . Moreover, Brucellaassociated HLH has been rarely reported in the literature, and the mechanisms of sHLH have not been as well understood in brucellosis as they have been in many other bacterial infections [5] [6] [7] Regardless of the etiologic cause, cytokine storm and excessive macrophage activation induce hemophagocytosis in primary and secondary HLH.
In this report, we present our experience with patients with sHLH associated with brucellosis.
Case reports Case 1
A 4-year-old boy was admitted to the hospital with fever lasting for four weeks, chills, and fatigue. He was treated empirically for one week with intravenous ceftriaxone before hospitalization. He had a history of consumption of fresh milk products. On admission, his vital signs were as follows: body temperature was 38.3°C, arterial blood pressure was 90/50 mmHg, heart rate was 114 beats per minute, and respiration rate was 28 breaths per minute. Physical examination revealed no hepatosplenomegaly. Other physical findings were unremarkable. Hemoglobin, white blood cell (WBC) count, and platelet count were 10.8 g/dL, 5,900/mm 3 , and 19,5000/mm 3 , respectively. The differential leukocyte count on the smear was 7% neutrophils, 76% lymphocytes, 6% reactive lymphocytes, and 11% monocytes. Biochemical analyses were within normal ranges. The ESR and CRP were 50 mm/hour and 6.6 mg/dL, respectively. Serological tests performed for Epstein-Barr virus, cytomegalovirus, herpes simplex virus, human immunodeficiency virus, and Salmonella were all negative. The Rose-Bengal test was positive. Coombs anti-Brucella test titer was 1:320. Rifampicine (10 mg/kg/day) and trimethoprim-sulfamethoxazole (50 mg/kg/day for sulfamethoxazole) treatment for brucellosis was initiated. Fever subsided on the third day but relapsed on the fourth day of admission, and then gentamicin and doxycycline therapy was initiated instead of trimethoprim-sulfamethoxazole. Due to the persistent fever for more than five days, work-up for sepsis and sHLH was performed. Laboratory findings showed pancytopenia with hemoglobin level of 6.9 g/dL, WBC count of 1,800/mm 3 , and platelet count of 95,000/mm 3 . Biochemical analysis revealed alanine amino transferase (ALT) of 75 U/L, aspartate aminotransferase (AST) of 120 U/L, serum triglyceride of 275 mg/dL, lactate dehydrogenase (LDH) of 1,371 IU/L, ferritin of 11,173 ng/mL, and fibrinogen of 123 mg/dL. Bone marrow aspiration showed hemophagocytosis ( Figure 1 ). Blood culture, which was taken on admission, was positive for Brucella spp., but bone marrow culture was sterile. The patient had intravenous immunoglobuline (IVIG) with a dose of 1 g/kg/day for two days. Fever subsided on the third day, with clinical improvement in the following days. On the seventh day, the laboratory revealed hemoglobin levels of 8.8 g/dL, WBC count of 2,800/mm 3 , and a platelet count of 400,000/mm 3 . Blood analysis demonstrated complete remission of pancytopenia, and liver function tests, CRP, fibrinogen, and serum ferritin levels returned to normal after six weeks of therapy.
Case 2
A 16-year-old previously healthy boy was admitted to the hospital with fever for three weeks, chills, and fatigue. He was treated empirically for one week with intravenously administered ceftriaxone during hospitalization. He had no weight loss or arthralgia. He had a history of consumption of nonpasteurized milk products. On admission, his vital signs were as follows: body temperature was 38.6°C, arterial blood pressure was 90/60 mmHg, heart rate was 112 beats per minute, and respiration rate was 14 breaths per minute. Physical examination revealed splenomegaly (3 cm below the costal margin) and pallor. Other physical findings were unremarkable. Laboratory findings showed pancytopenia with hemoglobin levels of 8.7 g/dL, WBC count of 2,800/mm 3 , and a platelet count of 59,000/mm 3 . The differential leukocyte count on the peripheral smear was 52% neutrophils, 42% lymphocytes, and 6% monocytes. The ESR and CRP were 60 mm/hour and 7.6 mg/dL, respectively. Biochemical analysis revealed ALT of 48 U/L, AST of 100 U/L, serum triglyceride of 211 mg/dL, LDH of 1,371 IU/L, ferritin > 1,650 ng/mL, and fibrinogen of 87 mg/dL. Other biochemical findings were within normal ranges. Serological tests performed for Epstein-Barr virus, cytomegalovirus, and Salmonella were all negative. The Rose-Bengal was positive. Coombs anti-Brucella test titer was 1:640. Bone marrow aspiration showed hemophagocytosis. Rifampicine (600 mg/day) and doxycyclin (200 mg/day) treatment was initiated. He received IVIG with a dose of 1 g/kg/day for two days due to sHLH. Fever subsided on day two, with clinical improvement in the following days. Blood and bone marrow cultures were positive for Brucella spp. On day 10, the laboratory revealed hemoglobin levels of 9.4 g/dL, WBC count of 4,300/mm 3 , and a platelet count of 32,5000/mm 3 . Blood analysis demonstrated complete remission of pancytopenia, and liver function tests, CRP, fibrinogen, and serum ferritin levels returned to normal after six weeks of therapy.
Case 3
An 8-year-old boy was admitted to the hospital with prolonged fever, fatigue, sweating, and abdominal pain. He had fever and fatigue that had lasted for 10 days on admission. He had consumed fresh milk products. Physical examination revealed splenomegaly (5 cm below the costal margin), hepatomegaly (4 cm below the costal margin), and pallor. Laboratory findings showed pancytopenia with hemoglobin levels of 9.2 g/dL, WBC count of 2,700/mm 3 , and a platelet count of 62,000/mm 3 . The differential leukocyte count on peripheral smear was 33% neutrophils, 66% lymphocytes, and 1% monocytes. The ESR was 75 mm/hour. Biochemical analysis revealed ALT of 35 U/L, AST of 75 U/L, serum triglyceride of 277 mg/dL, LDH of 861 IU/L, ferritin of 543 ng/mL, and fibrinogen of 211 mg/dL. Other biochemical findings were within normal ranges. Serological tests performed for Epstein-Barr virus, cytomegalovirus, and Salmonella were all negative. Brucella agglutination test was positive with a ratio of 1:2,560. Bone marrow aspiration showed hemophagocytosis. Blood and bone marrow cultures were also positive for Brucella spp. Doxycycline and rifampicine treatment was initiated for brucellosis. The patient had 1 g/kg/day IVIG for two consecutive days for sHLH in addition to antimicrobial threapy. The fever dissipated on the third day of therapy. The platelet count increased progressively during treatment. On day seven, the blood count showed hemoglobin level of 10.7 g/dL, WBC count 7,200/mm 3 , and a platelet count of 343,000/mm 3 . Serum triglyceride was 236 mg/dL, ferritin was 125 ng/mL, ALT was 23 U/L, AST was 45 U/L, and LDH was 465 IU/L. The patient was followed up in the outpatient clinic for six weeks and fully recovered after this period.
Discussion
Brucellosis is a worldwide zoonotic infection that affects the host via ingestion or inhalation, or through conjunctiva or skin abrasions. After infecting the host, the pathogen becomes sequestered within cells of the reticuloendothelial system. Various complications, including neurobrucellosis, endocarditis, osteomyelitis, granulomatosus hepatitis, and pancytopenia may occur in 5% to 10% of patients with brucellosis [1] .
Reports on the frequency and diversity of hematologic abnormalities occurring in both adults and children with brucellosis have been reported [5, 8] . Anemia and leukopenia have been frequently associated with acute brucellosis, but pancytopenia and thrombocytopenia are less frequently seen. Although pancytopenia is usually due to hypersplenism in brucellosis, the pathogenesis of pancytopenia in brucellosis seems to be multifactorial, including hemophagocytosis, hypersplenism, bone marrow hypoplasia, bone marrow granulomas, and immune destruction [5, 9] . The incidence of pancytopenia with brucellosis varies from 3% to 21% in published studies [10] . In the literature, reports related to brucellosis, cytopenia, and hemophagocytosis are limited [5, 6, 11, 12] . We found only one case report describing a child with Brucellaassociated HLH [7] . In that study, HLH findings resolved after the antibiotic treatment of Brucella infection. In additon, Karakulukcu et al. described four children with Brucella-associated HLH. The authors reported that all of four patients had pancytopenia and recovered fully with specific antimicrobial therapy for Brucella infections. We initially gave IVIG treatment to case 2 and case 3 patients, once the diagnosis of sHLH was made. Although antimicrobial therapy for brucellosis was initiated immediately on admission and modified due to relapsing fever for case 1, the patient responded to IVIG treatment after the diagnosis of sHLH. Although the clinical and laboratory findings initially did not seemed to be associated with sHLH in case 1, the patient was reevaulated on the 12th day of hospitalization for relapsing fever, and was diagnosed with sHLH. The use of IVIG in patients with Brucella-induced thrombocytopenia has been reported in some cases and series [11, 13, 14] . The time for normalization of hematological values in patients with pancytopenia due to brucellosis ranged from eight days to three weeks following initiation of appropriate antimicrobial therapy [7, 11] . However, the patients with Brucellainduced immune thrombocytopenia responded well to IVIG and recovered within an average of three to seven days [11, 13, 14] . This time was also consistent with the hematological recovery time of our patients. Thus, IVIG treatment may be useful in emergency cases or in life-threatening conditions secondary to thrombocytopenia in patients with brucellosis and Brucella-associated HLH [11, 13, 14] The findings of brucellosis, including pancytopenia, fever, and splenomegaly were also among the main clinical symptoms in HLH. The mechanisms of hemophagocytosis in non-viral infections may be related to overproduction of activating cytokines, such as TNF-α and γ-interferon, which contribute to macrophage activation, or could be the result of a poorly regulated or inappropriate Thelper lymphocyte response to intracellular pathogens [15] .
Hyperinflammation caused by excessive cytokine levels as occurs in HLH should be treated with either corticosteroids or immunosuppressive agents. The aim of therapy is to suppress cytokine release and control cell proliferation using immunosuppressive or immunomodulatory agents and cytotoxic drugs [3] . Corticosteroids are cytotoxic for lymphocytes and inhibit the expression of cytokines. IVIG, etoposide, cyclosporin A, and antithymocyte globulin are the other treatment choices, either in combination with corticosteroids, or alone [3, 15] . Corticosteroids, etoposide, and cyclosporine A either in combination or alone are used according to HLH-2004 protocol [3] . Successful use of IVIG alone or in combination with steroid or etoposide in these patients has been reported [16, 17] . Moreover, in the presence of sHLH, one of the mainstays of the treatment strategies is to treat the underlying disease and conditions. As mentioned in another report, cyclosporin A, steroids, or IVIG alone or in combination may be used in low-risk HLH patients for prompt management of cytokine-induced symptoms as well as treatment of the underlying disease [18] . We used IVIG in our patients in addition to the specific antimicrobial therapy.
Conclusions
In patients who have been diagnosed with brucellosis and who have prolonged fever, hepatosplenomegaly, and cytopenias, sHLH should be considered. In cases of laboratory findings of high serum ferritin and triglycerides, and low serum fibrinogen levels and pancytopenia, bone marrow aspiration should be assessed for diagnosing sHLH.
